SPRIKRG 1975

This Comprehensive Examination for Spring 1975;f. j ongists of six
problems of equal weight (20 points each). Half of %hé'bfoblems are judged
to be at intermediate undergraduste level, the other half at graduate level,
Work carefully and show all your steps so that partial credit can be given
liberally in case you do not complete a problem. Use no scratch paper; do
all work in the bluebook, using one blueboock per problem.

If something is omitted from the statement of the problem or you feel
tﬁ@re are awbiguities, please get up and ask your gquestion quietly and privately,
80 as not to disturb the others. Put all matberizls, books,and papers, except
vercil and bluebook, on the floor.

Some information you may find useful:

2

YAOO = VHr
. /3 ; /..3__ z
YlO T/ Ir cosb = bqg p

dve] 3 1
z 7
“dg = S = 5,7
j ez+l 120
C
[~ z2 3
——dz =3 z(3) = 1.7
J e +1
pos
%Em dz = EE-“ 6.5
e 15 '
‘0
[* .2
dz = 25(3) = 2.3
%
lo e -l

If you need a table of integrals, ask the prochor.



COMPREHENSIVE EXAMINATION #21 Spring 1975

1. A helium stom is in the ls2p lPl state. The atom is oriented so that

measurements of the orbital angular nmomentum component LZ always yield the

value +ﬁ, with respect to a given set of coordinate axes.

> pts

a) Calculate the expectation value of L .

8 pte

b) Determine AL, the root-mesn-square deviation of L .

2 pts

¢) Determine the parity of the given state.

2 pts 1

d)} Explain why the 1ls2p Pl state can or cannot decay to the lower-lying
ls2s 381 state by an allowed transition.

3 pts

e) Under what circumstences can a helium atom be in a simultaneous elgenstate
of L_, L , and L_%
%’ Ty Z

2. One recent experimental test of the general theory of relativity consisted of
the observation of the change in encrgy of a photon as it traveled a distance
of 20 meters in the earth's gravitabtional field. The following guestions are
baged on that experiment.

3 pts
a) Consider a photon which falls a vertical distence x in a gravitational field

g. The freguency of the photon is then shifted by an amount Av given{in
first order) by
Av = v d..‘»u? 9
where o is a dimensionless parameter. Show that a = gx/c2 . A dimensionsl
argument is sufficient.

4 pts
b) The "detector” for this type of experiment makes use of the Mdssbauer

effect. Without reference to this particuler application, give a trief
discussion of what the Mbssbauer effect is, why it occurs, ete.

8 pts _
¢) Show how th= Mosshaver effect may be used to measure the gravitational

fregquency shift, and estimate the source velocity needed for observation
of the effect. Assume that the 1k keV gamma ray from 57Fe ig used; the

mean lifetime is lO"T 8

3 pts
d} BState simply the principle of general relativity upon which this frequency

shift is based.

2 pts _
e) Aside from the great precision obtainable using the Mossbauer effect, why

ec.

are terrestrial methods superior to agtronomical ones for this type of

experiment?
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3. Vhen a conducting spherical sghell is uncharged, it floats on a dielectric liquid
with one tenth of its volume submerged. If the sphere has a weight mg = 0.1
newton and the liguid has e dielectbric constent K = I, to what potential ¢ must
the sphere be charged if it is to float half submerged?
4, 10 pts G
a) ¥From the thermodynamics of magnetic systems, show that -M = (gﬁ) ,
T
vhere M is the magnetization, G is the Gibbs free energy, H is the
magnebic field, and T is the teaperature,

10 pts
b) In expressing the behavior of thermodynamic veriables in the vicinity of

the magnetic phase transition of s ferromagnetic material, the hypothesis
of "scaling" has been found to be generally valid. As applied to the

Gitbs free energy, the scaling bypothosis takes the Torm

G(lte,KuH) = AG{e,H), where ¢ = T;TC, in which T, is the eritical tempera-
o

ture at which the phase transition occurs, and where t, u, end A are real

numbers. The "scaling law' holds for apny value of A. Using the scaling

law and the result from part (a), show that at temperatures just below T,

and H+0 the magnetization behaves like

M=C (ws)B ,
where B = lizwand C is a constant.
5, Comsider a guantum mechanical rotor constrained to rotazte in a plane. The
Hamiltonian for such a system is given by

2 2
Hm_,/.f}ma
2T

- s

382

where T is the moment of inertia and 6 is the angle of rotation with respect to
some reference line in the plane.

L pts
a) Obtain the eilgenfunctions and energy eigenvalues for this system and indi-

cate the degeneracy, if any, of each level.
8 pts
b) Buppose the system ie perturbed by a gquadrupole interaction of the form
H = ;9-(3c0528~l) )
where VO is a small positive constant. Caleulate the energy of the ground
state to second order in V_ (kesp terms up to Voz),

8 pts
¢) Assuming the same perturbation, calculste the energy of the first excited

state to first order in VO.
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6.

In 1550, Enrico Fermi proposed a purely statistical theory {one that did not
involve any nuclear dynamics) for the production of spinless pions (positive,
negative and neutral) and nucleon, anti-nucleon pairs from the very high energy
ccliision of two nucleons,

In this problem we shall assume, with Fermi, thet the pair of colliding

micleons isotropically release all their energy in a small volume, on the order

of 3 o
oMe
V= -Lh:r (~————h {(——) ~ {2 Fermi)3 for W 10’* MeV
3 m, ¢ W

Here Egg is the radial extent of the ploa field

m_ is the pion mass

¢ 1eg the velocity of light

M is the mass of a2 nucleon

W is the gotal energy (in the C.M.) of the colliding nucleons,
(The factor 2

W
Farthermore we assume:

is a relativistic correction to the inberaction volume,)

(i) Thermodynamic equilibrium is reached quickly;

(ii) The pions,nucleons, and antinucleons that result from the collision are
created without Iimit;

(11i)} The particles ave cxtremely relativistic, with energies e = clglgwhere
5 is the particle momentun.

10 pts
a) Find an expression for the temperature of the initial pion-mucleon fireball.

10 pts
) Find an expression for the number of pions produced,
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